Macrophages are the major components of innate immunity that enable the body to combat bacteria and other pathogens. However, over-activation of macrophages plays a central role in a variety of inflammatory diseases, such as septic shock, atherosclerosis, arthritis and inflammatory bowel diseases. In these disease settings, activated macrophages elaborate a large array of cytokines, growth factors and proteolytic enzymes that are critical for tissue damage and repair[@b1][@b2]. Macrophages are activated in response to the pathogen-associated molecular patterns by various pattern-recognition receptors (PRRs), such as the Toll-like receptors (TLRs) and the RIG-I-like receptors (RLR)[@b3][@b4]. There are 13 TLRs that sense various pathogen components and trigger intracellular signaling pathways that eventually mediate the induction of inflammatory cytokines, chemokines and type I interferons, which are critical for antimicrobial activity[@b4][@b5]. The molecular mechanisms of regulation of macrophage activation in response to TLR ligands have been largely unknown.

Tripartite motif (TRIM) proteins contain a RING finger, one or two B-box motifs and a coiled-coil motif, and are involved in many biological processes including innate immunity, viral infection, carcinogenesis and development[@b6]. There are over 70 members of TRIM protein family described in humans[@b7]. Recently, several systematic analyses suggest that many TRIM proteins are implicated in the regulation of innate immune pathways and anti-viral activities[@b8][@b9][@b10][@b11]. For example, Carthagena *et al*. identified 27 of the 72 human TRIM genes are sensitive to interferon (IFN) by performing a systematic analysis of TRIM gene expressions in human primary lymphocytes and monocyte-derived macrophages in response to IFNs[@b10]. In addition, Rajsbaum *et al*. found that the genes encoding a subset of TRIM proteins located on chromosome 7 were up-regulated by type I IFN in macrophages/DC, suggesting that they may have anti-viral functions[@b11]. TRIM8 negatively regulates PIAS3-mediated repression of NF-κB by inducing translocation of PIAS3 from nucleus to cytoplasm as well as its turnover[@b12][@b13][@b14], whereas TRIM16 (also known as EBBP) was reported to promote IL-1β secretion. TRIM22 is involved in anti-viral pathways by activating NF-κB signaling[@b15][@b16][@b17][@b18]. TRIM30 induces the lysosomal degradation of TAB2 and TAB3, thereby negatively regulating NF-κB induction in the LPS-triggered TLR4 signaling pathway[@b19]. TRIM21 negatively regulates TLR3, −4, −7, and −9 and RLR signaling pathways by modulating the activities of IKKs and interferon regulatory factors (IRFs)[@b20][@b21]. TRIM27 targets all IKKs and negatively regulates the PRR pathways[@b21][@b22]. CARD domain ubiquitination by TRIM25 is essential for RIG-I-mediated type I interferon induction[@b21][@b23]. TRIM56 facilitates double-strand DNA-stimulated interferon induction by ubiquitination of STING (stimulator of interferon genes)[@b21][@b24]. However, the functions of most of TRIM family members remain to be characterized.

In the present study, we systematically profiled the expressions of TRIM gene family in human THP1-derived macrophages activated by different TLR ligands. The up-regulated or down-regulated TRIM genes were further confirmed by quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot analysis. The function of TRIM59 in macrophage activation was further studied.

Results
=======

Expression profiling of TRIM gene family in TLR ligand-activated THP1-derived macrophages.
------------------------------------------------------------------------------------------

Macrophages are equipped with almost all TLRs, which sense different pathogens and initiate inflammatory responses. To understand the regulatory mechanisms that control macrophage activation in response to TLR ligands, we employed qRT-PCR to profile the expression changes of 72 TRIM genes in THP1-derived macrophages upon stimulation by different TLR ligands. TNFα and oxLDL were included to serve as positive controls. The primer set for 72 human TRIM gene members was tested by melting curve and product sequencing before the experiments. The entire data set were log-transformed and cluster analyzed and presented as a heat map ([Fig. 1a](#f1){ref-type="fig"}). As shown in [Fig. 1a](#f1){ref-type="fig"} and [S1](#S1){ref-type="supplementary-material"}, 29 TRIM genes were highly induced (\>3 fold) by one or more TLR ligands, among which 15 of them were increased by more than 10 folds compared with controls and 19 of them belong to TRIM C-IV subgroup. Moreover, the expressions of 46 TRIM members were inhibited by at least one of TLR ligands, among which 19 of them were showed an inhibition of more than 50% of control and the inhibitory ranges for other members of the TRIM family were from \<75\~\<67% of control. Interestingly, 9 TRIM genes (TRIM10, 15, 43, 48, 49, 50, 51, 60 and 64) in TRIM C-IV subgroup, 4 genes (TRIM29, 31, 40 and 61) in TRIM C-V subgroup and TRIM42 (C-III subgroup) and TRIM77 (ungrouped) were significantly up-regulated by most TLR ligands, whereas TLR6/2 ligand almost inhibited all of the TRIM family. In addition, a group of TRIM genes which belong to C-IV subgroup of TRIM family including TRIM5, 6, 14, 20, 21, 25, 34, 38, 69 or C-V subgroup including TRIM19 and TRIM56 were markedly elevated by TLR3 and TLR4 ligands, whereas TRIM59 was down-regulated by TLR3 and TLR4 ligands in THP1-derived macrophages. TRIM21, TRIM22 and TRIM38 that were previously reported to be up-regulated during macrophage activation and negative regulators of macrophage activation were all induced by TLR3 and TLR4 ligands. In addition, TRIM8, a negative regulator of PIAS3, SOCS-1 and NF-κB signaling, was significantly down-regulated by oxLDL. Taken together, a novel group of TRIM genes (TRIM14, 15, 31, 34, 43, 48, 49, 51 and 61) were identified to be up-regulated by TLR3 and TLR4 ligands in THP1-derived macrophages. Moreover, we compared the relative expression levels of the various TRIMs in resting cells. As shown in [Fig. 1b](#f1){ref-type="fig"}, TRIM2, 8, 13, 14, 28, 44, 58 and 65 were highly expressed in resting cells (Ct Mean \<20), whereas the expressions of TRIM10, 15, 29, 40, 42, 60, 61, 64 and 77 were very low (Ct Mean \>32), and the expressions of TRIM31, 43, 48, 49, 51 and 55 were relatively low (Ct Mean \>30) compared with the expressions of the other members of the TRIM family.

To confirm the effectiveness of TLR ligands, we have also measured the mRNA expressions of inflammatory cytokines including TNFα, IL-6 and IL-1β. As shown in [Fig. 1c--e](#f1){ref-type="fig"}, the mRNA expressions of TNFα, IL-6 and IL-1β were significantly induced by TLR ligands. To determine if type I interferon was involved in the regulation of TRIM genes in THP1-derived macrophages, we examined the mRNA expressions of IFNα and IFNβ with TLRs' stimulations. As shown in [Fig. 1f](#f1){ref-type="fig"},g, the mRNA expressions of IFNα were induced by TLR1/2, 2, 4, 6/2 ligands, and IFNβ mRNA expressions were strongly induced by TLR3 ligand.

Identification of one novel group of TRIM genes that were up-regulated by TLR3 and TLR4 ligands in macrophages
--------------------------------------------------------------------------------------------------------------

To further define the novel group of TRIM genes (TRIM14, 15, 31, 34, 43, 48, 49, 51 and 61) which were up-regulated by TLR3 and TLR4 ligands in THP1-derived macrophages, we conducted a time-course study in which the macrophages were treated with TLR3 ligand and LPS in different times. As shown in [Fig. 2a](#f2){ref-type="fig"}, TRIM14, 15, 31, 34, 43, 48, 49, 51 and 61 mRNA were highly induced by TLR3 stimulation in THP1-derived macrophages. Their expressions were raised after 4 h of treatment, peaked at 16 h (TRIM15, 31, 43, 48, 49, 61) or 24 h (TRIM14, 34 and TRIM51), and were sustained at a high level for at least 24 h. LPS also stimulated the expressions of TRIM14, 15, 31, 34, 43, 48, 49, 51 and 61 mRNA, which were also raised after 4 h of treatment, peaked at 24 h except TRIM14 at 8 h and TRIM31 at 16 h ([Fig. 2b](#f2){ref-type="fig"}). As shown in [Fig. 2c](#f2){ref-type="fig"}, LPS also stimulated the expressions of TRIM15, 31, 34 and 61 mRNA in Raw264.7 cells (a murine macrophage cell line) over the time course of 4 to 24 h with a pattern similar to that in THP1-derived macrophages.

Next, we further confirmed TLR3 and TLR4-induced expressions of TRIM14 and TRIM31 proteins by Western blot with anti-TRIM14 and anti-TRIM31 antibodies. THP1-derived macrophages were stimulated by poly (I:C) (TLR3 ligand) or LPS (TLR4 ligand) with different doses or different times. As shown in [Fig. 3a](#f3){ref-type="fig"}, TRIM14 protein was induced by poly (I:C) in THP1-derived macrophages in dose- and time-dependent manners. Similarly, LPS also increased TRIM14 protein level in dose- and time-dependent manners in THP1-derived macrophages ([Fig. 3b](#f3){ref-type="fig"}). In addition, our results also showed that TRIM31 protein level was increased by both TLR3 and TLR4 ligands stimulation ([Fig. 3c](#f3){ref-type="fig"}).

TRIM59 was down-regulated by TLR3 and TLR4 ligands in macrophages
-----------------------------------------------------------------

Next, we examined the expression changes of TRIM59 in THP1-derived macrophages, Raw264.7 macrophages and mouse peritoneal macrophages by qRT-PCR. As shown in [Fig. 4a](#f4){ref-type="fig"}, TRIM59 mRNA was down-regulated by both TLR3 ligand (poly I:C) and TLR4 ligand (LPS) in THP1-derived macrophages in a time-dependent manner. Moreover, we further observed that TRIM59 mRNA was decreased by LPS in Raw264.7 cells in time-dependent and dose-dependent manners ([Fig. 4b](#f4){ref-type="fig"}). Finally, we examined the expression changes of TRIM59 mRNA in mouse peritoneal macrophages. As shown in [Fig. 4c](#f4){ref-type="fig"}, TRIM59 mRNA was decreased by LPS in mouse peritoneal macrophages in time-dependent and dose-dependent manners.

To further confirm the expression changes of TRIM59 protein in human and mouse macrophages, we performed Western blot with TRIM59 antibody. As shown in [Fig. 5a](#f5){ref-type="fig"}, TRIM59 protein level was decreased by both TLR3 ligand (poly I:C) and TLR4 ligand (LPS) in THP1-derived macrophages in a dose-dependent manner. Moreover, we further observed that TRIM59 protein was decreased by LPS in Raw264.7 cells in time-dependent and dose-dependent manners ([Fig. 5b](#f5){ref-type="fig"}). Finally, we examined the expression changes of TRIM59 protein in mouse peritoneal macrophages. As shown in [Fig. 5c](#f5){ref-type="fig"}, TRIM59 protein was decreased by LPS in mouse peritoneal macrophages in time-dependent and dose-dependent manners. Taken together, these results demonstrated that TRIM59 expression was down-regulated during macrophage activation.

TRIM59 suppressed LPS-induced macrophage activation
---------------------------------------------------

Next, we examined the role of TRIM59 in macrophage activation using loss-of-function and gain-of-function strategies. Raw264.7 macrophages were transfected with 3 sets of TRIM59 siRNA at 25 nM for 2 days and then TRIM59 protein expression was determined. The results showed that TRIM59 siRNA1 (TRIM59-si1) markedly reduced TRIM59 protein expression compared with scrambled siRNA group (NS) ([Fig. 6a](#f6){ref-type="fig"}). Therefore, TRIM59-si1 was used in the following experiments. We then examined the effect of TRIM59 knockdown on LPS-induced production of inflammatory cytokines (TNF,IL-6 and IL-1β) by qRT-PCR and ELISA. As shown in [Fig. 6b,c](#f6){ref-type="fig"}, LPS significantly induced the expressions and secretions of IL-1β, IL-6 and TNFα, while siRNA-induced knockdown of TRIM59 markedly increased LPS-induced expressions and secretions of these inflammatory cytokines, suggesting that TRIM59 is a negative regulator of macrophage activation. To further confirm these results, the peritoneal macrophages isolated from male C57BL/6 mice were transiently transfected with expression plasmids of GFP-TRIM59 or the control vector pEGFP-C2. As shown in [Fig. 6d,e](#f6){ref-type="fig"}, overexpression of TRIM59 significantly suppressed LPS-induced expression and secretion of IL-1β, IL-6 and TNFα. Taken together, these results indicated that TRIM59 is a negative regulator of macrophage activation.

Discussion
==========

TRIM protein family is a diverse protein superfamily containing a RING finger, one or two B-box motifs and a coiled-coil motif with numerous functions. In human, the TRIM family members were divided into 11 subgroups based on their C-terminal domain composition[@b7][@b10][@b25]. The most common C-terminal domain of TRIM proteins consists of so-called PRY-SPRY motif and is often referred as the B30.2 domain. This domain has been implicated in the ability of TRIMs to restrict the replication of certain viruses[@b7][@b26]. In addition to their role in innate immunity, TRIM proteins are also involved in a broad range of biological processes, including genetic disorders, neurological disorders and cancers[@b27], but their function in macrophage activation are not completely understood. In this study, we employed qRT-PCR to profile the expression changes of 72 of TRIM gene family in THP1-derived macrophages activated by TLR ligands, TNFα and oxLDL. We observed that 16 TRIM genes were significantly up-regulated by 8 of 9 TLR ligands that we tested as well as TNFα and oxLDL, which include TRIM64, 48, 49, 10, 43, 51, 42, 77, 29, 60, 61, 40, 15, 50, 22 and 31. Another group of TRIM genes including TRIM38, 56, 69, 25, 14, 34, 19, 21, 6, 5, and 20 were selectively increased by TLR3 and TLR4 ligands. In contrast, TRIM59 was significantly down-regulated by TLR3 and TLR4 ligands. Interestingly, the most up-regulated TRIM genes (TRIM5, 6, 10, 14, 15, 20, 21, 22, 25, 34, 38, 43, 48, 49, 50, 51, 60, 64, 69) belong to C-IV subgroup which have the PRY-SPRY motif and a few of them are classified into C-V subgroup (TRIM19, 29, 31, 40, 56, 61), or C-III subgroup (TRIM42) and ungrouped (TRIM76, 77). The physiological significance of the expression changes of TRIM genes induced by TLR ligands warrants to be further investigated.

Carthagena and colleagues have observed that 27 of the 72 human TRIM genes are sensitive to IFN by performing a systematic analysis of TRIM gene expression in human primary lymphocytes and monocyte-derived macrophages in response to interferons[@b10]. They found that in MDM, type I IFN up-regulated the expressions of 16 TRIM genes (TRIM5, 6, 14, 19/PML, 20/MEFV, 21, 22, 25, 26, 31, 34, 35, 38, 56, 58 and 69) and down-regulated the expressions of 5 TRIM genes (TRIM28, 37, 54, 59 and 66). In our study, we observed that 29 TRIM members were highly induced (\>3 fold) by at least one TLR ligand, whereas 46 TRIM members were inhibited (the inhibitory range from less than 50\~75% of control) by at least one TLR ligand. Twelve of the up-regulated TRIM genes and 3 of the down-regulated TRIM genes in our study are consistent with Carthagena's report. To further confirm if type I interferon was involved in the regulation of TRIM genes in macrophages, we determined the expressions of IFNα and IFNβ mRNA with the TLRs' stimuli. We found that IFNα mRNA expressions were induced by TLR1/2, 2, 4, 6/2 ligands, and IFNβ mRNA expressions were strongly induced by TLR3 ligand in THP1-derived macrophages. These results suggest that at least some of TLR-induced TRIM genes may be mediated by the production of IFNs. However, more work would be warranted to determine this relationship.

It was reported that TRIM14 and TRIM31 were induced in human dermal fibroblast in response to retrovirus infection[@b28]. In this study, we found that TRIM14 and TRIM31 were up-regulated during macrophage activation. Enhanced expression of TRIM14 suppressed Sindbis virus reproduction and modulated the transcription of a large number of genes associated with innate immunity[@b29]. TRIM14 localizes to the outer membrane of mitochondria and interacts with MAVS. Upon viral infection, TRIM14 undergoes Lys-63-linked polyubiquitination at lys-365 and recruits NF-κB essential modulator to the MAVS signalosome, leading to the activation of both IRF3 and NF-κB pathways[@b30]. The role and mechanism of TRIM14 in macrophage activation need to be further investigated. Previous studies showed that TRIM31 is up-regulated in stomach cancer[@b31]. TRIM31 negatively regulates growth of certain cell types despite its overexpression in gastric cancer tissues[@b31]. Interestingly, TRIM31 was reported to interact with p52 (shc) and inhibit Src-induced anchorage-independent growth[@b32]. Li *et al*. recently also reported that TRIM31 is down-regulated in non-small cell lung cancer and serves as a potential tumor suppressor[@b33]. The role of TRIM31 in macrophage activation is not reported and need to be further investigated. TRIM15 was previously reported to play a role in the regulation of RIG-1 ligand-induced interferon production and limited stomatitis virus replication[@b21]. In addition, a recent report demonstrated that TRIM15 is a component of focal adhesion protein complex and controls cell migration[@b34]. It would be extremely interesting to find out if TRIM15 regulate macrophage migration. Currently, there are no any reports on the function of TRIM34, 43, 48, 49, 51 and 61.

TRIM59 was previously reported to act as a proto-oncogene that affects both Ras and RB signal pathways in prostate cancer models[@b35]. We previous reported that TRIM59 protein was significantly increased in various non-small cell lung cancer cells[@b36]. SiRNA-induced knockdown of TRIM59 significantly inhibited the proliferation and migration of lung cancer cells by increasing the expression of a number of cell cycle proteins including CDC25C and CDK1[@b36]. Here we observed that TRIM59 was significantly down-regulated during macrophage activation. In addition, overexpression of TRIM59 significantly suppressed LPS-induced expression of pro-inflammatory cytokines, whereas knockdown of TRIM59 markedly enhanced LPS-induced expression of pro-inflammatory cytokines, suggesting that TRIM59 is a novel negative regulator of macrophage activation. The mechanisms by which TRIM59 negatively regulates macrophage activation are not clear. A report suggests that TRIM59 interacts with ECSIT and negatively regulates NF-kB and IRF-3/7-mediated signal pathways[@b37]. However, the direct targets of TRIM59 in these signal pathways are not yet defined. Future investigations are required to determine the mechanisms by which TRIM59 interferes with the TLR3 and TLR4-induced signaling pathways.

In summary, we have identified a novel group of TRIM proteins involving in the regulation of macrophage activation. Especially, we defined TRIM59 as a negative regulator of macrophage activation. The current study not only helps to identify a functional group of TRIM proteins that may play important roles in innate immunity, but also provides the framework for future studies to dissect the functions of this emerging family.

Methods
=======

Materials and animals
---------------------

Various human TLR ligands were purchased from InvivoGen (USA). LPS, TNFα, phorbol 12-myristate 13-acetate (PMA), TRIM59 and TRIM31 polyclonal antibodies were obtained from Sigma (USA). TRIM14 antibody was purchased from Proteintech Group. GAPDH antibody was purchased from Santa Cruz Biotechnology (USA). All animals were treated in accordance with the Guide for the Care and Use of Laboratory Animals of Nanchang University, and all the experimental protocols were approved by the Ethics Committee of Nanchang University and the experiments were carried out in accordance with the approved guidelines.

Cell culture
------------

THP1 cells, a human monocyte cell line, were cultured in complete RPMI medium containing 10% fetal bovine serum (Gibco, NY, USA), 50 μg/ml of penicillin/streptomycin and 2 mM of glutamine. The cells containing 2.5\~3 × 10^5^ cells/cm^2^ in 6-well plates were treated with 200 nM of phorbol 12-myristate 13-acetate (PMA) to induce the differentiation of THP1 monocytes into macrophages. After 16 h of treatment, PMA was removed and the cells were washed twice with PBS followed by incubation in complete medium for 2 days before the treatment in serum-free medium. Raw 264.7 cells, a murine macrophage cell line, were from Jihong Han lab (Nankai University, China) and cultured in complete RPMI medium. The cells were switched to serum-free medium at \~90% confluence for 2 h followed by treatment of various TLR ligands. To collect peritoneal macrophages, C57BL/6 wild type male mice with 8-week old of age were intraperitoneally (i.p.) injected with 3 ml of a 4% thioglycolate solution and maintained with access to water and normal chow for 5 days. Peritoneal macrophages were collected from the mouse abdomen by lavage with PBS. The cells were cultured in complete RPMI medium for 3 h, and then all of the floating cells were removed. The adhesive cells (macrophages) were cultured in complete RPMI medium for 2 days and switched to the serum-free medium for 2 hours, followed by treatment with various TLR ligands.

RNA isolation, quantitative real-time PCR and clustering analysis
-----------------------------------------------------------------

RNA isolation was performed as described previously[@b38]. RNA was quantified using a NanoDrop 2000 (Nano-drop Technologies, Wilmington, DE, USA). The cDNA was synthesized with 2 μg of total RNA using an RT kit purchased from Thermo Scientific (USA). Real time PCR was performed using an SYBR green PCR master mix purchased from Roche (USA) and PCR-specific amplification was conducted in the Applied Biosystems ViiA^TM^ real-time PCR machine (ABI, CA, USA). All primers for the 72 TRIM genes were validated using universal cDNA standards (BD Clontech). The primer sequences for all TRIM genes were summarized in [Supplementary Tables 1](#S1){ref-type="supplementary-material"} and [2](#S1){ref-type="supplementary-material"}. Quantification was performed by the deltaCT method and GAPDH was used for normalization. Normalized mRNA levels were expressed as arbitrary units by transformed the cycle times using 2^−ΔΔCt^ (see [Supplementary Tables 3 and 4](#S1){ref-type="supplementary-material"}). Hierarchical clustering analysis was performed on the normalized, log-transformed and median-centered RNA levels by calculating Pearson correlation as distance followed by average linkage analysis using Cluster2.11 software. The resulting cluster analysis was then displayed as a tree using TreeView1.60 software.

Protein isolation and Western blot analysis
-------------------------------------------

After treatment with TLR ligands, the cells were washed twice with PBS and lysed in ice-cold lysis buffer (50 mM Tris, pH 7.5, 150 mM NaCl, 1% TritonX-100, 1% sodium deoxycholate, 1 mM PMSF, 50 mM sodium fluoride, 1 mM sodium orthovanadate, 50 μg/ml aprotinin/leupeptin). After extraction, the cellular protein levels of TRIM14, TRIM31 and TRIM59 were determined by Western blot analysis as described previously[@b39] and GAPDH was used as an internal control. The expression levels of these proteins were evaluated by Quantity One software (Bio-red, USA).

Construction of vectors and cell transfection
---------------------------------------------

The TRIM59 expression vector was prepared as follows: A cDNA encoding mouse TRIM59 was generated by reverse transcription with total RNA isolated from the peritoneal macrophages and oligo(dT)18 primer. The cDNA was amplified by PCR with primers 5′-CGGGGTACCGCATGCACAATTTTGAGGAGG-3′ (forward) and 5′-TCCCCCGGGTCAACGAGAAACTATTTTCCAC-3′ (reverse). After the sequence was confirmed, the PCR product was digested with KpnI and SmaI and then subcloned into an expression vector (pEGFP-C2, Clontech, USA) to get the TRIM59 expression plasmid (GFP-TRIM59). An empty control vector (pEGFP-C2) was used as a control. For functional study, Raw264.7 cells or peritoneal macrophages isolated from male C57BL/6 mice were plated in six-well plates and transfected with scrambled siRNA/TRIM59 siRNA (purchased from RIB BI, China) or pEGFP-C2 vector/GFP-TRIM59 plasmid using HiPerFect/Effectene transfection reagent (Qiagen) in RPMI 1640 medium. After 40 hours, the cells were treated with or without LPS (0.2 μg/ml) for 8 h and then the total RNAs were isolated for determining the mRNA expressions of IL-6, IL-1β, TNFα and TRIM59. Or 24 hours later, the cells were treated with or without LPS (0.2 μg/ml) for 24 h and then the supernatants of the culture cells were collected for determining the concentrations of IL-6, IL-1β and TNFα proteins by ELISA.

ELISA analysis
--------------

The concentrations of mouse IL-6, IL-1β and TNFα proteins in the macrophage conditioned medium were measured by ELISA analysis using the kits from MULTI SCIENCES (China) following the manufacturer's instructions. The macrophage conditioned culture medium was diluted by 2\~50 folds for the measurement. The 96-well microplates were read using a SpectraMax M5 microplate reader (Mllecular Devices, USA).

Statistics
----------

The data were presented as mean ± the standard error of the mean (SEM) with GraphPad Prism software 5.0. Statistical analyses were performed by one-way ANOVA followed by spss (n ≥ 3). A value of p \< 0.05 was considered significant.
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![Expression profiling of TRIM gene family in TLR-triggered macrophage activation.\
THP1-derived macrophages were treated with the ligands for TLR1/2 (Pam3CSK, 0.2 μg/ml), TLR2 (HKLM, 2 × 10^8^ cells/ml), TLR3 (Poly(I:C), 2 μg/ml), TLR4 (LPS, 0.2 μg/ml), TLR5 (Flagellin, 0.2 μg/ml), TLR6/2 (FSL-1, 0.2 μg/ml), TLR7 (Imiquimod, 0.2 μg/ml), TLR8 (ssRNA40, 0.2 μg/ml). TLR9 (ODN1826,1 μM), TNFα (10 ng/ml) and oxLDL (20 μg/ml) for 8 hours, respectively. The total RNAs were extracted for determining the mRNA expressions of 72 TRIM genes by qRT-PCR and normalized with GAPDH mRNA (n = 2). The relative gene log2 expression changes were analyzed by hierarchical clustering using Cluster2.11 software as described in "Methods" and presented as a heat map (**a**), green: Down-regulation of gene expression; black: No change; red: Up-regulation of gene expression. (**b**) Relative expression of TRIM genes in resting THP1-derived macrophages. Mean −ΔCt values were determined by subtracting GAPDH, and each TRIM gene was normalized to the median gene expression (TRIM67), and calculated 2^−ΔΔCt^. Resulting log2 values were represented as a heat map, green: low relative expression; black: median value; Red: high relative expression. The mRNA expression of TNFα, IL-6, IL-1β (**c--e**) and IFNα, IFNβ (**f,g**) were determined by qRT-PCR and normalized with GAPDH mRNA (n = 3, \*p \< 0.05 \*\*p \< 0.01; \*\*\*p \< 0.001 vs Control).](srep42781-f1){#f1}

![Identification of a novel group of TRIM genes that were markedly induced by TLR3 and TLR4 ligands.\
THP1-derived macrophages were treated with 2 μg/ml poly(I:C) (**a**) or 0.2 μg/ml LPS (**b**) in the indicated times; (**c**) Raw264.7 cells were treated with 0.2 μg/ml LPS for the indicated times. Total RNAs were extracted and the mRNA expressions of TRIM14, 15, 31, 34, 43, 48, 49, 51, 61 were determined by qRT-PCR and normalized with GAPDH mRNA. \*Represents a P value \< 0.01 compared with the control in the corresponding group (n = 3).](srep42781-f2){#f2}

![TRIM14 and TRIM31 proteins were induced by TLR3 and TLR4 ligands in dose- and time-dependent manners.\
The cell lysates were extracted from THP1-derived macrophages and the TRIM14 protein (**a,b**) levels were determined by Western blot with stimulations of 2 μg/ml Poly(I:C) or 0.2 μg/ml LPS at the indicated times (**a**, left; **b**, left) or at the indicated concentrations for 16 hours (**a**, right; **b**, right), and the TRIM31 proteins (**c**) were examined with stimulation of 2 μg/ml Poly(I:C) in the indicated times (**c**, left) or with LPS stimulation at the indicated concentrations for 16 h (**c**, right). The fold changes of the protein expressions were showed at the bottom of each image and GAPDH was used as an internal control.](srep42781-f3){#f3}

![TRIM59 mRNA was down-regulated by TLR3 and TLR4 ligands in macrophages.\
The total RNAs were extracted from various cells and the mRNA expressions of TRIM59 were determined by qRT-PCR and normalized with GAPDH mRNA. (**a**) THP1-derived macrophages were stimulated with 2 μg/ml Poly(I:C) (**a**, left) and 0.2 μg/ml LPS (**a**, right) in the indicated times; (**b**) Raw264.7 cells were treated with 0.2 μg/ml LPS in the indicated times (**b**, left), or with LPS at the indicated concentrations for 24 h (**b**, right); (**c**) Peritoneal macrophages isolated from male C57BL/6 mice were treated with 0.2 μg/ml LPS in the indicated times (**c**, left), or with LPS at the indicated concentrations for 24 h (**c**, right). \*Represents a P value \< 0.05 compared with the control in the corresponding group (n = 3).](srep42781-f4){#f4}

![TRIM59 protein was down-regulated by TLR3 and TLR4 ligands in macrophages.\
The cell lysates were extracted from various cells and the expressions of TRIM59 proteins were determined by Western blot analysis and normalized with GAPDH protein. (**a**) THP1-derived macrophages were treated with 2 μg/ml Poly(I:C) (**a**, left) and 0.2 μg/ml LPS (**a**, right) in the indicated times; (**b**) Raw264.7 cells were treated with 0.2 μg/ml LPS in the indicated times (**b**, left), or with LPS at the indicated concentrations for 24 h (**b**, right); (**c**) Peritoneal macrophages isolated from male C57BL/6 mice were treated with 0.2 μg/ml LPS in the indicated times (**c**, left), or with LPS at the indicated concentrations for 24 h (**c**, right). The fold changes of the protein expression were showed at the bottom of each image and the GAPDH was used as an internal control.](srep42781-f5){#f5}

![LPS-induced expressions of proinflammatory cytokines were suppressed by TRIM59 overexpression or enhanced by TRIM59 knockdown in macrophages.\
(**a**) Raw264.7 macrophages were transfected with 25 nM scrambled siRNA (NS) or TRIM59 siRNA1, 2, 3 for 2 days and the expressions of TRIM59 protein were determined by Western blot analysis and GAPDH was used as a control. Each experiment was repeated at least three times. (**b**) The cells were transfected with 25 nM scrambled siRNA (NS) or TRIM59 siRNA1 for 40 hours and then treated with 0.2 μg/ml LPS for 8 hours before mRNA extraction. The mRNA expressions of TRIM59 and proinflammatory cytokines including IL-6, IL-1β and TNFα were determined by qRT-PCR and normalized with GAPDH mRNA (n = 3, \*p \< 0.05; \*\*p \< 0.01). (**c**) The cells were transfected with 25 nM scrambled siRNA (NS) or TRIM59 siRNA1 for 24 hours and the cells were treated with 0.2 μg/ml LPS in serum-free medium for 24 hours. The concentrations of proinflammatory cytokines (IL-6, IL-1β and TNFα) in the medium were measured by ELISA (n = 3, \*p \< 0.05). (**d**) Peritoneal macrophages isolated from male C57BL/6 mice were transfected with 1.2 μg expression plasmid of GFP-TRIM59 and its control vector pEGFP-C2. After 40 hours, the cells were treated with 0.2 μg/ml LPS in serum-free medium for 8 hours. Total cellular RNAs were extracted and the mRNA expressions of TRIM59 and proinflammatory cytokines including IL-6, IL-1β and TNFα were determined by qRT-PCR and normalized with GAPDH mRNA (n = 3, \*\*p \< 0.01). (**e**) The peritoneal macrophages were transfected with 1.2 μg expression plasmid of GFP-TRIM59 and its control vector pEGFP-C2 for 24 hours and then the cells were treated with 0.2 μg/ml LPS for 24 hours, and the cytokine concentrations in the medium were measured by ELISA (n = 3, \*p \< 0.05).](srep42781-f6){#f6}
